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The purpose of the article is to explore the specifics and uniqueness of visual works
created using Al technology. The research methodology is based on applying analytical,
theoretical, and conceptual research methods of technological art and the interrelation
between digital technologies and art in general. The scientific novelty lies in the fact that
the art forms that created using digital technologies were analysed for the first time. In the
article, we have considered the phenomenon of technological art due to integrating art and
technology. Conclusions. It is revealed that due to the mathematical analysis of the artists’
artworks, certain algorithms of the author’s work can be found, the main components
of the work of art can be analysed, and the sign system of art can be transformed into
a system of a different order which is numerical one. Thus, the colour, shape, positioning
of the objects on the canvas (composition) — everything turns into numerical formulas
and combinations. The graphic drawing is transformed into digital, algorithmic. A certain
number system is being built, which allows to group works (one artist, era, art movement)
into single collection systems, analyse and identify similar algorithmic chains, and create
new art products based on these algorithms using the obtained numerical combinations.
It means that with algorithmic analysis, it is possible to compare and even combine
different types of art within one plane, one form, and one art product.
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Introduction

A hypothetical theory of technological singularity appears in the mirror
of scientific criticism (Good, 1966; Moore, 1975). According to supporters of
the “techno-singularity” concept, the generation of artificial intelligence and
cyber machines will lead to the improvement of the technical and technolog-
ical production component (machines can self-repair, perform certain manip-
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ulations faster and better than human activities) (Vinge, 1993). Today we can
observe how artificial intelligence is several times superior to humans in the
speed of computing, moving, productivity, etc.

The same goes for art. With the help of digital technologies, it is now pos-
sible to scan and create electronic versions of graphic works, produce copies
of famous canvases, save and archive artefact data, and even create unique
authorial paintings.

In recent years, significant historical, cultural and theoretical works have
been published, where attention is paid to the history of cybernetic art as
the forerunner of digital culture of the late twentieth century. Among them
are publications by V. Glushkov (1986), M. Lovejoy (2004), F. Popper (2007),
D. Galkin (2013).

G. Franke (1971), D. Galkin (2013) and M. Lovejoj (2004) examine the con-
cept of “digital culture” and explore the features of hybridisation of technol-
ogy and art.

In the works of Ts. Kogoutek (1976), V. Shcheglov (2016, 2017), the rela-
tionship of digital technologies and art is studied. V. Shcheglov indicates a se-
ries of repeating sequences in the context of artistic content in the “Painting
of the 20" Century: Fundamentals of Algorithmic Interpretation” (2017) and
“Poetry: Fundamentals of Algorithmic Interpretation” (2016) on the example
of poetry and painting. The author calls them algorithms, and therefore, po-
etry and painting are algorithmic systems.

However, despite the public interest in technological art, there is a lack
of scientific justification for the possible interaction of technology and art in
general and a critical analysis of the specifics of the functioning of techno-
logical art.

Purpose of the article

The purpose of the study is to analyse the forms of interaction of modern
technologies and various types of art, to identify such art forms that can be
organised (created) exclusively through digital (or other) technologies.

Main research material

The Next Rembrandt is a portrait painting that reproduces Rembrandt’s
creative style with exceptional accuracy, but it is not a copy of the image of
the master’s paintings. It became possible due to the technologies of “Artifi-
cial Intelligence”. Specialists from Microsoft, the University of Delft Technical
University, the Royal Mauritshuis Gallery and the Rembrandt House Museum
in Amsterdam, using Microsoft Azure computing resources and a number of
specialised algorithms, performed a three-dimensional scan of 346 artist’s
paintings and discovered not an only genre and stylistic specifics, but also
techniques specific to the artist and oil painting techniques.
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Figure 1. The Next Rembrandt, 2016. Creators: ING
Bank, J. Walter Thompson Amsterdam, Microsoft, TU Delft,
Mauritshuis, etc.

The Next Rembrandt is a 3D-printed picture created in 2016. The process
of creating the canvas was highly complex and lengthy. About twenty data ana-
lysts, developers, professors in artificial intelligence and 3D printing, scientists,
engineers and art historians worked on the project!.

Studing the context of The Next Rembrandt reproduction, the question of
authorship arises. Who is the author and performer of this product? Is it possi-
ble to determine this picture as an artwork or a technological experiment and
nothing besides?

Opinions of scientists and critics differ in identifying the author of this
work. Mark Brown believes that “the real creators of the picture are data ana-
lysts and computers” (Brown, 2016).

The leading developer of the project, Bas Korsten (J. Walter Thompson,
Amsterdam), says that the author of the work is Rembrandt himself because
the project is based on an analysis of the artist’s work. “The Next Rembrandt
really touched the nerve. This raised all sorts of questions about creativity ...
We are creating something new from his work. Only Rembrandt could create
Rembrandt” (O’Neill & Corner, 2016).

As a result of the literature review, certain contradictions arise regarding
authorship’s definition and the importance of artificial intelligence technology
in the project.

To study these issues, we consider in detail the process of creating The Next
Rembrandt.

1 Executive Creative Director: Bas Korsten; Concept: Bas Korsten, Robert Nelk, Mark Peeters; Creative
copy: Bas Korsten, Kasia Haupt Canning; Creative art: Guney Soykan; Innovation Director: Emmanuel Flores;
Design: Vinesh Gayadin; Digital Director: Jesse Houweling; PR Director: Jessica Hartley; Editor: Tim Arnold;
Photography: Robert Harrison; Developers: Morris Franken, Ben Haanstra (Pickett-Groen, 2016).
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The immediate process of creating the work was preceded by an analysis
of the existing paintings of the master and the identification of patterns in the
combination of colours, applying strokes and compositional image construc-
tion.

The complete collection of images includes 346 paintings by Rembrandt;
most of them look highly realistic. There are several explanations for this. Rem-
brandt, using the play of light and shadow, created unique picturesque compo-
sitions that looked very realistic and voluminous. As a result of these manipu-
lations in his work, there is a desire for accuracy and truthfulness. The master
prefers psychological expressiveness instead of violent pathos and external ef-
fects. “The main formative element of the composition, which allowed the art-
ist to fully materialise and convey to the viewer his own plan — chiaroscuro, or
rather, the scheme of alternating spots of light and shadow that he constructed
with mathematical precision” (Tarasov, 2014).

The artworks provided by TU Delft and the Mauritshuis Museum were
scanned in high resolution (The Laughing Man, 1629-1630; Andromeda, 1630;
Simeon’s Song of Praise, 1631; The Anatomy Lesson of Dr. Nicolaes Tulp, 1632;
Susanna, 1636; Saul and David, 1651-1658; Two African Men, 1661; Homer,
1663; "Tronie’ of a Man with a Feathered Beret, 1635-1640; Portrait of an EI-
derly Man, 1667; Rembrandt van Rijn, Self-Portrait, 1669) ("Rembrandt”, n.d.).

The remaining works were taken from other archival sources. Thus, all im-
ages’ resolution was different and incompatible, which was a problem for sys-
tematising and identifying the necessary image similarity algorithms. To solve
this problem, the team used the Deep Neural Network algorithm to scale images,
increasing resolution by 300% and reducing visual noise (Pickett-Groen, 2018).

Further, the authors of the project had to decide on the planned picture’s
content: the depicted object and the canvas’s composition. For this, more than
400 faces were examined on Rembrandt’s canvases, after which it became clear
that the subject should be from 30 to 40 years old. The master most often de-
picted males in his works, so The Next Rembrandt is a man in a black hat, a black
jacket with a white collar.

It was necessary exactly with the technique of the master to depict the face
of this man. For this, developers needed Microsoft software that could “under-
stand” Rembrandt based on his geometry and composition. As a result of using
the face recognition algorithm, typical geometric patterns used to draw human
features were identified. More than 6,000 facial landmarks were used to classify
features in terms of relevance and repeatability.

The third stage of The Next Rembrandt production was the preparation
for printing the created image and the identification of a specific technology
for applying paint. As known, Rembrandt van Rijn revolutionised painting with
a three-dimensional effect using the impasto technique — applying paint to the
canvas with very thick layers. As a result, his canvases looked three-dimensional.
To create a picture that would resemble the artist’s work, it was necessary to
study the impasto technique and, thanks to X-ray photographs, examine each
layer of the existing paintings. After that, the future The Next Rembrandt image
needed to add another dimension, 2D to 3D. The final layout of the 3D painting
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consists of more than 148 million pixels and is based on 168,263 fragments of
the Rembrandt painting.

The fourth stage was printing. At first, the developers used the manipulator
to paint a new portrait. But the robot arm could not convey the desired realistic
effect. The manipulator has only nine degrees of freedom. Instead, the human
hand has 26, which meant that it still could not draw in great detail.

Since the digital image was already voluminous, it was necessary to print
13 layers of special ink based on UV ink on a 3D printer Canon. Thus, the image
became three-dimensional.

The fifth stage of creating the project is the presentation and use of The
Next Rembrandt canvas. As known, after the presentation in the Netherlands,
the project was presented in many cities. Note that the original version of the
image is in electronic form so that the image can be replicated numerously.

It is well known that in the art using artificial intelligence, copies of the
works of famous artists, composers, architects and representatives of other
creative industries are created. Therefore, artificial intelligence is not only the
technical embodiment of human thinking but also creativity now.

Using artificial intelligence technology, visual works began to be produced
that have no analogues and are not copies of known works.

Now Al-technologies create art products based on algorithmic analysis of
already created fine masterpieces. Based on aforesaid, we offer our own defini-
tion of “algorithmic art”. It is the production process of art products created on
the basis of algorithmic analysis of primary information sources. The primary
sources are works of art, artefacts, the works of artists of various art types.

However, this practice is not solitary. Other forms of art in the early stages
of their formation also borrowed the specifics of creating works from their pre-
decessors. Cinema is based on theatre art, the theatre, in turn, is a synthesis of
literature, music, plastic; television is the result of the synthesis of cinema and
radio. Therefore, we can state that digital algorithmic art is at the first stage of
its development and has significant prospects for its development.

An example of The Next Rembrandt shows that technological singularity in
art is entirely possible. But we do not exclude the uniqueness of human activity
and artistic creation. Besides, we emphasise the need to develop the symbiosis
between man and digital technologies in art: a combination of the capabilities
of “artificial intelligence” and people’s aesthetic sensitivity.

In Rembrandt’s works there is a desire for technological experiments. He
used the then-unknown in art practice mineral plumbonacrite in paint reci-
pes. Scientists have revealed that the master created his self-portraits using
a mirror system (O’Neill & Corner, 2016). The use of these technologies does
not diminish the significance of Rembrandt’s work in the history of fine art.
Perhaps if Al technology were invented in the 17 century, the master would
create a realistic image. These assumptions give reason to consider artificial
intelligence technology only as a tool with which a modern artist can create.
In this case, the author will be the creator himself, the artist. Considering that
20 data analysts, developers, professors in the field of artificial intelligence and
3D printing, scientists, engineers and art historians from organisations such
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as Microsoft, Delft University of Technology, Mauritshuis in The Hague and
the Rembrandt House Museum in Amsterdam worked on The Next Rembrandt
project, the collective mind means the author.

Conclusions

As in the case of The Next Rembrandt pre-production, it is demonstrated
that thanks to the mathematical analysis of the artist’s work, it is possible to
find specific algorithms for the artist’s work, analyse the main components of
the work of art and turn the semiotic system of art into a system of a different
order as numerical one. At the same time, a numerical algorithmic work, repro-
ducing the artist’s lead pencil with exceptional accuracy, can be original work,
never a copy; that is, with the help of AI technology, one can create a unique
artistic product. It can imitate the painting style of a famous artist, but it has
its own content.

Coping of visual and musical works using Al technology is already some-
what common in the modern world. Indeed, creating original visual works that
know no equals and are not copies of works of art is the next step in identifying
the creative application of Al tools’ options.

It is emphasised that technology is only a tool in humans’ hands, including
artificial intelligence, which does not replace humans since Al technology cre-
ates art objects based on algorithmic analysis of existing masterpieces.

Our own definition of the concept of “algorithmic art” is proposed. It is
the process of production of art objects, built upon the algorithmic analysis of
primary sources of information such as works of art, artefacts, works of artists
of various types of art.
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IITYYHUIN IHTEJIEKT TA IMTAHHSA ABTOPCTBA I YHIKAJIBHOCTI
MUCTELBKHMX TBOPIB (TEXHOJIOTTYHE JOCIIIKEHHS POBOTU
«HACTYITHUU PEMBPAH/IT»)

Tetsina IropiBHa CoBrupa

Kanoudoam mucmeymeosnascmaa,

ORCID: 0000-0002-7023-5361, STIsovgyra@gmail.com,
Kuiscokutl HayioHanvHUll yHigepcumem KyJa1emypu i Mucmeyms,
Kuis, Ykpaina

Meta cratti — goctigutu creindiky Ta YHIKaIbHICTh Bi3yaabHUX POBIT CTBOPEHUX
3a pgornoMoroiw Al-TexHosnmoriit. MeTomosioris pO3BiAKM IPYHTYETbCSI Ha 3aCTOCYBaHHI
AHAJTITUYHOTO, TEOPETUYHOTO i KOHIIENTYaJlbHOIO METOZIB AOCTIIPKEHHS TeXHOJOTiUHOTO
MMCTENITBA i B3a€MO3B’SI3KY LM(POBUX TexHoMoriii i mucrenrsa y uimomy. Haykosa
HOBM3HA TIOJISITA€ B TOMY, IO BIiepine Oyiau MpoaHasii3oBaHi (opMy MUCTEITBA, CTBOPEHi
3 BUKOPUCTAHHSIM IIV(PPOBUX TEXHOJOTi. PO3IISIHYTO (heHOMEH TEXHOIOTiYHOTO MUCTEIITBA
SIK pe3y/ibTaT iHTerpallii MUCTelTBa i TeXHONOTii. BucHOBKK. BusiBaeHo, 110 3a AOIIOMOTOH0
MaTeMaTUYHOTO aHaJTi3y TBOPUOCTI Xy OKHUKIB MOSKJIMBO OTPMMATY TIEBHI aJITOPUTMU POOOTH
aBTOpa, MPOaHaTi3yBaTy OCHOBHI CK/IaIOBi Xy OKHbOTO TBOPY, 3HAKOBY CUCTEMY MUCTELITBA
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TpaHCchHOPMYBaTH B CUCTEMY iHIIOTO MOPSIKY — YMCIOBOTO. TaKMM UMHOM, KOJip, opma,
pO3TalryBaHHS 00’€KTiB, 110 Bi06PaskaloThCs HA MOTOTHI (KOMIIO3MUILisT), — BCE TIEPETBOPIOETHCS
Ha uncioBi opmyay ta koMm6iHatii. I'padiuHuit MasOHOK TpaHCHOPMYETHCST Y TUDPOBUIA,
QITOPUTMIUHUI. BynyeTbcsl MeBHA cucTemMa OOUMCIEHHS, SIKA JO3BOJSIE 3a JIOMIOMOTOH0
OTPUMAaHUX YMUCIOBMX KOMOIHAIi TpymyBaTu poboTH (OMMH XYIOKHUK, €rMoxa, XyHOXKHii
HATpsIM) B €IMHY CUCTEMY KOJIEKI[ilf, aHami3yBaTu Ta imeHTU(iKyBaTH CXOXi aaropuTMiuHi
JIQHITIOKKY i CTBOPIOBATM HOBi XYIOXKHI MPOAYKTY HA OCHOBI LIMX aaropuTMiB. Lle o3Hauae,
110 32 IOTIOMOTO0 aJITOPUTMIYHOTO aHaJIi3y MOYKHA MIOPiBHIOBATH i HABiTh KOMOiHYBaTH pi3Hi
BUIY MUCTEIITBA B OJIHili TUIONIVHI, B OFHiH HopMi, B OTHOMY XyIOKHbOMY TBOPi.
Kniouogi cniosa: Al-TeXHOIOTIST; SKUBOIIUC; QITOPUTM; MG POBUIL SKUBOTIUC; 3D-IpyK

VICKYCCTBEHHBIV UHTEJUIEKT W BOITPOC ABTOPCTBA

Y VHUKAJIBHOCTH XVIOKECTBEHHBIX ITPOV3BEIEHMIT
(TEXHOJIOTMYECKOE VICCJIENJOBAHUE MIPOM3BENEHNS
«CJIEIVIOIIVII1 PEMBPAHT>)
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Llenp craThy — MCCIEOOBATh CHEUM(UKY M YHUKAJIBHOCTb BU3YaJIbHBIX paboOT,
CO3[AHBIX C IIOMOIIbIO Al-TexHojgoruii. MeTOmoJOrusI MCCAeIOBaHMSI OCHOBaHA Ha
TIpYMEeHeHUM aHAIUTUUECKUX, TEOPETUUECKMX Y KOHIIENTyaJbHbIX METOHOB MCC/IeNOBaHMS
TEXHOJIOTMYECKOTO MCKYCCTBA M B3aMMOCBSI3Y 1IM(PPOBBIX TEXHOJOIUI M MCKYCCTBA B LIEJIOM.
HayuHast HOBM3HA 3aK/IIOYaeTCsS B TOM, UTO BIEpBble ObLIM IPOAHAIM3UPOBAHBI (HOPMbI
MICKYCCTBAa, CO3[IaHHbIE C MCIIOb30BaHMEM IIM(MPOBBIX TEXHOIOIUI. PaccMoTpeH (deHOMEH
TEeXHOJIOTMYECKOT0 MCKYCCTBA KaK pe3y/ibTaTa MHTerpalyum UCKYCCTBA M TeXHOIOTiA. BbIBOMIbI.
BbIsIB/IEHO, UTO C TTIOMOII[BI0 MaTEMaTUUECKOTO aHaI13a TBOPUECTBA XYIOKHUKOB MOSKHO HAMTH
ompeeieHHbIe aJITOPUTMbI PabOThI aBTOpA, MPOAHAIM3YPOBATh OCHOBHBIE COCTABJISIOIIVIE
XYIOKECTBEHHOI'O IPOM3BENEHMSI, a 3HAKOBYIO CUCTEMY MCKYCCTBa TpaHCGHOPMUPOBATh
B CHCTEMY OPYTOro IOpSAKa — 4uCIoBOro. TakuMm ob6pasoM, LIBeT, (opMa, pacIoioskKeHue
oTo6paskaeMbIX 0OBEKTOB Ha X0JICTe (KOMITO3UIIVS) — BCE MTPEeBPaliaeTCs B UMCIOBbIE (YOPMYIIbI
¥ KOMOMHAaI. I'paduueckuit pUCyHOK TpaHCPOPMUPYETCS B LIMPPOBOIL, aITOPUTMUYUECKMIA.
CTpouTcs ornpeiesieHHast CUCTeMa CUMCIeHNsI, KOTOpasl TIO3BOJISIET C MIOMOIIbIO TTOTyYeHHbIX
YMCIOBBIX KOMOMHAIIMII TPYIIIMPOBATh pabOThl (OOMH XYOOKHMK, 3I110Xa, XyIOKECTBEHHOE
HaIlpaBjeHMe) B EOMHYI0 CUCTEMY KOJIJIEKLMI, aHaIM3MPOBaTh U UAEHTUDUIMPOBATH
TIOXOKMEe aATOPUTMMUYEcKe LeTIOUYKM M CO3/1aBaTh HOBbIE XyIOKeCTBEHHbIE MPOAYKTHI Ha
OCHOBE 3TUX aJITOPUTMOB. DTO 03HAUYAET, UTO C IOMOIIbIO AJITOPUTMIUYECKOTO aHa/I3a MOXKHO
CpaBHMBATb U Ja’ke KOMOMHMPOBAThH pasHble BUObI MICKYCCTBA B OMHOJ IJIOCKOCTH, B OJHOI
dhopme, B OMHOM XyI0KECTBEHHOM ITPOM3BEIEHNA.

Kniouessie cnoea: Al-TeXHONOTMS; >KMBOIINMCh; aJrOPUTM; LMUOPOBAst >KUBOINCH;
3D-nevaTb
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